Introduction 9
Soaking and hydration of legumes and cereals is an important unit operation in the 
52
The model that we present in this paper is an attempt at advancing the basis of the We now simplify the problem geometry, by assuming that bean is spherical in shape and 78 the swelling gives an evolving radius, R(t) which varies with time, t. While assuming a 79 spherical geometry for simplicity, we account for the deviations from the ellipsoid solid by 80 calculating the radius of the sphere whose volume is equal to that of the scalene ellipsoid Similarly, conservation of the liquid is given by
where ρ [Kg m −3 ] is the averaged water density and w [m s −1 ] is the water velocity.
98
The bean is assumed to be a porous structure, hence the momentum equations as given 99 by Darcy's law holds. We relate the liquid velocity to the liquid pressure,
where µ is the water viscosity, k is the grain permeability. By analogy with (4), the momen- 
where p s [Pa] , is the pressure of the polymer. Note that our approach in dropping the viscous stress for equations (8) and (9) 
Note that, a polymer in contact with water will swell (or shrink) to equilibrate the total 108 osmotic pressure -and swelling (in the current context) will give rise to changes in φ. It has 109 been recognised that the balance equations can be generalized to have a proper coupling to 110 thermodynamics, so that they have the correct driving forces for the transport phenomena
111
(van der Sman, 2012). Keeping this in mind, as will be shown next, here we adopt the 
116
We now manifest the Flory-Huggins free energy per unit volume, as the osmotic pressure 117 term (see c.f. Hill (1987)), which is the additional pressure that is required to equilibrate 118 the solid (polymer) volume fraction with pure water. This is given by-
where n is the ratio of molar volumes of solute (protein) and solvent (water), χ is the 120 interaction parameter between the polymer and the solvent (water), R [J mol 
Model summary

129
Assuming incompressibility, we summarize the equations as follows
where
is the interfacial drag term. The model above incor-
130
porates the momentum balance (Darcy's law) for each phase (equations (8) and (9)), the (10) and (11)).
134
The swelling/shrinking pressure is proportional to −∇ψ = −ψ ′ (φ)∇φ where
Here we consider ψ ′ > 0 where a polymer in contact with a solvent will swell. We note that
, as can be observed in Fig.   137 2. The above relation can therefore be used for tracking the equilibrium moisture interface 138 over a moving boundary.
139
After some algebraic simplification, the system of equations (8) - (12) can be reduced to Assuming one dimensional spherical coordinate system, then φ(r, t) is shown to be gov-140 erned by the Fick's second Law of diffusion
where the moisture diffusivity term is given by
and D 0 = RT k µV . We now require that χφ − χ − 
with θ > 0. Integrating (18) on r ∈ [0, R(t)] and on application of Leibniz rule, we have
where we have used symmetry and the fact that θ r = 0 on r = 0. The middle term gives is no loss of solid during hydration, hence we set
so that the moving boundary is described by
Boundary Conditions
177
As initial condition, we know that θ(r, 0) = θ 0 under the assumption that the moisture distribution inside the bean is isotropic. We now specify the boundary conditions as follows
The volume averaged moisture content at each time step, t [s] is calculated from equation
178
(25), as given by Ruiz et al (2008), (2014) was transformed into volume fraction of water, θ(r, t), using the following relation
where, as defined before, ρ and ρ s are the density of water and the solid respectively. 
Nondimensionalisation
185
We introduce the following scales
where ℓ is the initial bean radius. The advantage of this process is that we now have to solve the model on [0, R(t)] with R(t) ≥ 1. In dimensionless form, we consider 
θ(R, t) = θ e , and dR dt
While some mathematical insight can be obtained from an equivalent two moving boundary 
for equation (28), and
for the moving boundary (31). The same approach is used for the boundary conditions 
205
For evaluating the accuracy of the models, we employ the statistical criterion of the Root
206
Mean Squared Error (RMSE) given by equation (35) 207
where θ e denotes the experimental observations, θ p the predicted values and n t the total 208 number of data points. 
Degree of hydration
230
An earlier work on cooking of grains focused on the degree of gelatinisation of a rice 231 kernel and the significant feature of this model was the presence of two moving boundaries.
232
One describing the change in grain size and the second boundary described the gelatinisation 
Conclusions
290
The SCM model demonstrated good predictive capabilities for moisture transport and be described by using principles of soft condensed matter physics.
298
To impart an illustrative value, we simplified the model with some assumptions, so that approach, we wish to highlight that diffusion in a single particle is different physically from 308 diffusion through a porous particle layer. Thus, to simulate realistic conditions, the problem 309 turns out to be a two-phase, multiscale, saturated porous media problem. This will be dealt 310 with in our future work.
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